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Fduphq Khuuhur1 Xqlyhuvlw| ri Dolfdqwh1 Idfxowdg gh Flhqfldv Hfrq￿plfdv1
Gswr1 Ixqgdphqwrv gho Dq￿olvlv Hfrq￿plfr1 Fwud1 Vdq Ylfhqwh gho Udvshlj/ v2q1
363:4 DOLFDQWH
Hglwru= Lqvwlwxwr Ydohqfldqr gh Lqyhvwljdflrqhv Hfrq￿plfdv/ V1D1
Iluvw Hglwlrq Mxo| 4<<;
LVEQ= ;707;504;4:08
Ghs￿vlwr Ohjdo= Y05:4504<<;
LYLH zrunlqj0sdshuv r￿hu lq dgydqfh wkh uhvxowv ri hfrqrplf uhvhdufk xqghu zd| lq ru0
ghu wr hqfrxudjh d glvfxvvlrq surfhvv ehiruh vhqglqj wkhp wr vflhqwl￿f mrxuqdov iru wkhlu ￿qdo
sxeolfdwlrq1
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- Wklv sdshu zdv zulwwhq gxulqj p| ylvlw wr wkh Xqlyhuvlwdw Dxwrqrpd gh Edufhorqd/ lq
4<<:1 L dp yhu| judwhixo wr wkh krvslwdolw| dqg idflolwlhv surylghg e| erwk gh Ghsduwdphqw gh
Hfrqrpld l gh Klvwruld Hfrqrplfd dqg wkh LDH1 Ilqdqfldo vxssruw iurp wkh GJLF\W xqghu
surmhfw SE<503675 lv dovr dfnqrzohgjhg1
-- Xqlyhuvlw| ri Dolfdqwh1DQ DOWHUQDWLYH WKHRU\
RI KHDOWK FDUH GHFLVLRQ PDNLQJ
Fduphq Khuuhur
DEVWUDFW
Vwduwlqj iurp d ￿qlwh ru frxqwdeoh vhw ri vwdwhv ri khdowk/ dqg dvvxplqj wkh
h{lvwhqfh ri dq remhfwlyh wudqvlwlyh suhihuhqfh uhodwlrq rq wkdw vhw/ zh sursrvh d
zd| ri shuiruplqj lqwhushuvrqdo frpsdulvrqv ri vwdwhv ri khdowk dprqj lqglylgxdov
ri gl￿huhqw w|sh1 Wkhq/ d zd| ri hydoxdwlqj khdowk vwuhdpv iru dq lqglylgxdo lv
sursrvhg1 Ilqdoo|/ zh udwlrqdol}h d zd| ri udqnlqj dowhuqdwlyh vlwxdwlrqv +olih
klvwrulhv lq whupv ri khdowk, iru d jlyhq jurxs ri lqglylgxdov1 Rxu dssurdfk lv
erwk W|sh0vhqvlwlyh dqg Wlph0vhqvlwlyh1
Nh|zrugv= TDO\> Vwdwhv ri Khdowk> Frpsdulvrq> W|shv> Frkruvw> Vwuhdpv1
541 LQWURGXFWLRQ
Xwlolw| edvhg rxwfrph phdvxuhv lq phglfdo ghflvlrq pdnlqj dqg khdowk hfrqrplfv
duh zlgho| uhfrjql}hg dv wr eh xvhixo wr prgho khdowk uhodwhg ehkdylrxu1 Wkh
dowhuqdwlyh dssurdfk ri dwwdfklqj prqhwdu| ydoxhv ri wkh khdowk lpsuryhphqwv
e| phdqv ri wkh vr fdoohg zloolqjqhvv wr sd| +ZWS,0zloolqjqhvv wr dffhsw +ZWD,
surfhgxuhv suhvhqwv vrph sudfwlfdo gl!fxowlhv gxh wr wkh h{shulphqwdo glvsdulwlhv
ehwzhhq ZWS0ZWD phdvxuhv1 Suhylrxv gl!fxowlhv vwlpxodwhg wkh vr fdoohg frvw
xwlolw| dqdo|vlv/ fkdudfwhul}hg e| wkh idfw wkdw wkh ehqh￿wv ri khdowk fduh surjudpv
duh qrw h{suhvvhg lq prqhwdu| whupv/ exw lq xwlolw| whupv1 Vhyhudo xwlolw| lqglfhv
kdv ehhq xvhg zlwk wklv sxusrvh/ e| idu wkh prvw srsxodu rqh ehlqj wkh TDO\
+txdolw| dgmxvwhg olih |hduv, lqgh{1 Vlqfh lwv lqwurgxfwlrq lq wkh vhyhqwlhv/ wkh
qxpehu ri sudfwlfdo dssolfdwlrqv ri TDO\ ghflvlrq pdnlqj lqfuhdvhg udslgo| lq
wkh hljkwlhv1 Dw wkh vdph wlph/ wklv dssurdfk zdv vwurqjo| fulwlfl}hg ^vhh Phkuh}
) Jdiql +4<;<,/ Orrphv ) PfNhq}lh +4<;<, ru Prrqh| ) Rovhq +4<<4,‘1 Wkh
pdlq srlqwv ri fulwlflvp iru wkh TDO\ lqgh{ fdq eh vxppdul}hg dv iroorzv= +4,
Wkh ydolglw| dqg uholdelolw| ri wkh gl￿huhqw phwkrgv ri holflwlqj txdolw| ri olih
ydoxdwlrqv> +5, Wkh sureohp ri lqwhushuvrqdo frpsdudelolw| dqg wkh djjuhjdwlrq
surfhgxuh> +6, Li ydoxhv xvhg lq vrfldo ghflvlrq pdnlqj vkrxog eh vrph djjuhjdwh
ri lqglylgxdo ydoxdwlrqv1
Lq wklv sdshu zh r￿hu dq dowhuqdwlyh sursrvdo1 Zh vwduw e| frqvlghulqj wkdw
wkhuh lv d vhw ri zhoo0gh￿qhg vwdwhv ri khdowk/ V1 Ixuwkhupruh/ zh vkdoo dvvxph wkdw
wkhuh lv d vrfldo suhihuhqfh uhodwlrq rq V vdwlvi|lqj frpsohwhqhvv dqg wudqvlwlylw|1
Wkh ehvw vwdwh ri khdowk/ e/ dqg wkh zruvw vwdwh ri khdowk duh zhoo vshfl￿hg/ dqg
duh wkh ehvw dqg zruvw hohphqwv ri wkh diruhphqwlrqhg rughulqj1
Wkhq/ zh lqwurgxfh d zd| ri pdnlqj lqwhushuvrqdo dqg lqwhuwhpsrudo frpsdu0
lvrqv ri vwdwhv ri khdowk1 Zh fodlp wkdw lghqwlfdo vwdwhv ri khdowk duh qrw htxdoo|
vrfldoo| ydoxdeoh/ luuhvshfwlyh ri lqglylgxdo fkdudfwhulvwlfv dqg2ru luuhvshfwlyh ri
djh ^vhh Zlooldpv +4<;;,/ ru Pxuud| dqg O￿sh} +4<<9,‘1 D surshu zd| ri jurxslqj
fkdudfwhulvwlfv lqgxfhv d fodvvl￿fdwlrq ri wkh srsxodwlrq lqwr vrfldo w|shv1 Ixu0
wkhupruh/ lqglylgxdov duh dovr fkdudfwhul}hg e| wkhlu frkruw/ qdpho|/ wkh |hdu lq
zklfk wkh| duh eruq1 Lq wklv zd|/ hyhu| lqglylgxdo lv lghqwl￿hg e| phdqv ri wzr
odehov= khu w|sh dqg khu frkruw1
Li gdwd rq wkh glvwulexwlrq ri vwdwhv ri khdowk lq d srsxodwlrq lv dydlodeoh/ dqg
li wkhvh gdwd duh ulfk hqrxjk/ lw fdq eh xvhg wr shuirup frpsdulvrqv ri vwdwhv ri
khdowk ^vhh Khuuhur dqg Slqwr +4<<:,‘/ e| xvlqj wkh sduwlfxodu glvwulexwlrq ri wkh
srsxodwlrq1
6Rqfh w|shv dqg frkruwv duh vshfl￿hg/ zh pd| shuirup lqwhuwhpsrudo frpsdu0
lvrqv ri vwdwhv ri khdowk iru d sduwlfxodu lqglylgxdo/ dv zhoo dv lqwhushuvrqdo frp0
sdulvrqv ri vwdwhv ri khdowk dfurvv lqglylgxdov dw d sduwlfxodu prphqw ri wlph1 Wklv
zd| ri frpsdulvrq fdq eh h{whqghg dv wr doorz iru udqnlqj dowhuqdwlyh vwuhdpv ri
vwdwhv ri khdowk iru d sduwlfxodu lqglylgxdo/ dqg dovr wr udqn dowhuqdwlyh vlwxdwlrqv/
qdpho|/ dowhuqdwlyh olihwlph vwuhdpv lq whupv ri khdowk iru d jurxs ri djhqwv1
Lq d frpsdqlrq sdshu ^vhh Khuuhur ) Slqwr +4<<:,‘/ zh lqwurgxfh wkh edvlf
prgho dqg frqvlghu vrflhwdo hydoxdwlrqv lq d vwdwlf iudphzrun1 Lq wklv sdshu/ zh
h{whqg wkh prgho doorzlqj iru hydoxdwlrqv lq d g|qdplf frqwh{w1
51 VWDWHV RI KHDOWK1 VRFLDO RUGHULQJ RQ WKH
VWDWHV RI KHDOWK1
Ohw xv frqvlghu d vhw V ri vwdwhv ri khdowk1 D sduwlfxodu vwdwh ri khdowk lv gh0
￿qhg e| phdqv ri d yhfwru ri fkdudfwhulvwlfv ^vhh/ iru lqvwdqfh/ wkh HXURTRO
txhvwlrqqdulh/ ru dowhuqdwlyho|/ zh pd| wklqn ri d vhw ri ixqfwlrqlqjv/ d od Vhq/
vhh Vhq +4<;8,/ Shuhlud +4<<6, ru Khuuhur +4<<9,> wkdw vhw ri ixqfwlrqlqjv frqyh|
wr d fhuwdlq fdsdelolw| vhw/ dvvrfldwhg wr d sduwlfxodu vwdwh ri khdowk‘1 Vxssrvh
ixuwkhupruh wkdw V lv d ￿qlwh ru frxqwdeoh vhw1
Dvvxph qrz wkdw wkhuh h{lvwv d suhihuhqfh uhodwlrq ￿/ gh￿qhg ryhu V 1I r u
dq| wzr vwdwhv ri khdowk/ %c+ 5 Vc% ￿+ phdqv wkdw vwdwh % lv frqvlghuhg ehwwhu
wkdw vwdwh +￿ Li/ iru wzr vwdwhv %c+ 5 V/ lw lv qrw wuxh wkdw %￿+c zh vd| wkdw + lv dw
ohdvw dv jrrg dv %/ dqg zh zulwh +s%￿ Li/ vlpxowdqhrxvo|/ %s+ dqg +s%c wkhq zh
vd| wkdw % dqg + duh vlplodu ru htxdoo| jrrg/ dqg zulwh %C+1
Zh zloo dvn ￿ wr vdwlvi| dovr vrph dgglwlrqdo uhtxluhphqwv=
+l, Suhihuhqfh/ qdpho| wkdw ￿ lv dv|pphwulf dqg qhjdwlyho| wudqvlwlyh/ l1h1/ iru
dq| % 5 Vc lw lv qrw wuxh wkdw %￿%/d q gi r ud q |%c+c55 V/l i%s+ dqg +s5/w k h q
%s5
+ll, H{lvwhqfh ri h{wuhphv/ qdpho| wkhuh duh wzr vwdwhv/ ￿cK 5 V/ vxfk wkdw
iru dq| % 5 V/ Ks%s￿￿
Suhylrxv uhtxluhphqwv lqglfdwh/ +l, wkdw ￿ lv dq rughulqj/ dqg +ll, wkdw wklv
rughulqj kdv d plqlpxp dqg d pd{lpxp/ wkdw lv/ wkhuh h{lvwv d sduwlfxodu vwdwh
ri khdowk +pd|eh vhyhudo/ htxdoo| jrrg, zklfk lv ehwwhu wkdq dq| rwkhu/ wkh shuihfw
7vwdwh ri khdowk/ ehvw/ dqg wkhuh lv dqrwkhu vwdwh ri khdowk +pd|eh vhyhudo/ htxdoo|
jrrg,/ zklfk duh zruvh wkdq dq| rwkhu/ wkh zruvw vwdwh ri khdowk/ srvvleo| ghdwk1
Lw lv lpsruwdqw wr vwuhvv wkdw vr idu ￿ lv sxuho| ruglqdo/ qdpho|/ iru wzr jlyhq
vwdwhv ri khdowk/ %c+ 5 V/z hp d |v d |l i% lv ehwwhu wkdq + E%￿+￿/r ul i+ lv
ehwwhu wkdq % E+￿%￿/ ru li wkh| duh htxdoo| jrrg E%C+￿/ exw wkhuh duh qr fduglqdo
ydoxdwlrqv1 Vr/ li zh frqvlghu irxu vwdwhv ri khdowk/ dqg lw wxuqv rxw wkdw %￿+/
dqg 5￿|/ zh fdqqrw phdvxuh wkh lqfuhphqw lq jrlqj iurp + wr % lq uhodwlrq zlwk
wkh lqfuhphqw lq jrlqj iurp | wr 5￿
Suhylrxv uhtxluhphqwv jxdudqwhh wkdw ￿ fdq eh uhsuhvhqwhg e| phdqv ri d
xwlolw| ixqfwlrq ￿ G V $ U/ vxfk wkdw %￿+ l￿ ￿E%￿ :￿ E+￿￿ Ixuwkhupruh/ dq|
prqrwrqh wudqvirupdwlrq ri ￿ lv dovr d xwlolw| uhsuhvhqwdwlrq ri ￿1 Lq frqvhtxhqfh/
zh pd| fkrrvh d sduwlfxodu uhsuhvhqwdwlrq vxfk wkdw ￿EK￿’￿ /d q g￿E￿￿’f /d q g
wkhuhiruh/ dq| vwdwh ri khdowk/ % 5 Vc zloo eh dvvrfldwhg zlwk d qxpehu ￿E%￿c vxfk
wkdw f ￿ ￿E%￿ ￿ ￿1 Djdlq/ lw kdv wr eh qrwlfhg wkdw wkrvh qxpehuv kdyh rqo|
ruglqdo vljql￿fdqfh ^fi1 Nuhsv +4<;;,/ Fkdswhu 6‘1
61 WKH PRGHO
Ohw xv frqvlghu d vrflhw| pdgh rxw ri lqglylgxdov/ olylqj d pd{lpxp ri A shulrgv
hdfk/ dqg vxfk wkdw wkh| eruq lq gl￿huhqw prphqwv ri wlph1 Hyhu| lqglylgxdo lv
lghqwl￿hg e| wkh |hdu kh2vkh lv eruq/ qdpho| klv2khu frkruw1 Ohw xv fdoo ￿o wkh
frkruw ri |hdu o￿ Dw shulrg | vrflhw| frqvlghuv wkh srsxodwlrq ￿|/ frqvlvwlqj ri doo
frkruwv iurp shulrg | ￿A/x sw r|c qdpho| ￿| ’ ^|
o’|3A￿o￿
Dvvxph/ ixuwkhupruh/ wkdw zh kdyh wkh srsxodwlrq glylghg lqwr w|shv/ ￿ ’
A￿ ^ A2 ^ ￿￿￿^ A￿c lq vxfk d zd| wkdw lqglylgxdov ehorqj wr rqh dqg rqo| rqh w|sh
hdfk gxulqj doo khu olihwlph1 W|shv fdq eh gh￿qhg e| xvlqj wkrvh fkdudfwhulvwlfv
vrflhw| frqvlghuv uhohydqw +h1j1/ jhqghu/ hwkqlflw|/ hwf1,1
Li wzr lqglylgxdov ehorqj wr wkh vdph w|sh/ wkh| duh frqvlghuhg dv vrfldoo| vlp0
lodu1 Lqglylgxdov ehorqjlqj wr gl￿huhqw w|shv duh frqvlghuhg dv vrfldoo| gl￿huhqw1
Vlqfh frkruwv olyh lq gl￿huhqw shulrgv/ lw wxuqv rxw wkdw dw dq| wlph/ wkh vhw ri
lqglylgxdov ri w|sh ￿ pd| ydu|1 E| dgglqj xs wkh lqirupdwlrq rq w|shv zlwk wkh
glylvlrq ri wkh srsxodwlrq e| frkruwv/ zh ghqrwh A o
￿ wkh vhw ri lqglylgxdov ri w|sh
￿ lq frkruw o￿
Dw wlph |/z hk d y hw k hvwdwh ri khdowk dw wlph w ixqfwlrq/ k| G ￿| $ V￿
8Frqvlghu qrz wkh iroorzlqj ixqfwlrqv/ zkhuh ￿ ’ ￿c￿￿￿c￿cdqg o ’ | ￿ Ac￿￿￿c|￿=
so
￿ G V ￿$ Qc vxfk wkdw so
￿ E%￿’ri@ 5 Ao
￿ m ￿|E@￿’%jc dqg
8 o
￿ G V ￿$ Qc vxfk wkdw 8o
￿ E%￿’ri@ 5 Ao
￿ m %s￿|E@￿j
Qdpho|/ so
￿ E%￿ lv wkh qxpehu ri lqglylgxdov ri w|sh ￿ lq frkruw o/ zkrvh vwdwh
ri khdowk dw wlph | lv %/d q g8 o
￿ E%￿ vwdqgv iru wkh qxpehu ri lqglylgxdov ri w|sh ￿
lq frkruw o/ zkrvh vwdwh ri khdowk dw wlph | lv zruvh wkdq ru dv jrrg dv %￿
Qrwlfh qrz wkdw 8o
￿ lv d xwlolw| ixqfwlrq iru ￿/ iru hyhu| ￿ ’ ￿c2c￿￿￿c￿c￿iru doo
o￿ Lw fdq eh frqvlghuhg dv d fduglqdo xwlolw| ixqfwlrq1 Lq vxfk d fdvh/ lw wxuqv rxw
wkdw/ e| frqvlghulqj
}o














￿ lv dovr d xwlolw| ixqfwlrq iru ￿c dqg 8o
￿ dqg Co
￿ uhsuhvhqwv lghqwlfdo fduglqdo
suhihuhqfhv/ vlqfh Co
￿ ’ b8o
￿ E%￿c zkhuh b ’d r A o





￿ pd| uhsuhvhqw gl￿huhqw fduglqdo suhihuhqfhv lq vslwh ri wkh
idfw wkdw wkh| uhsuhvhqw lghqwlfdo ruglqdo suhihuhqfhv +￿￿￿
Frqvlghu qrz wkh iroorzlqj gh￿qlwlrq ^fi1 Urhphu +4<<6,/ +4<<9,‘1
Gh￿qlwlrq 41 Wzr lqglylgxdov @cS 5 ￿| / @ 5 Ao
￿ cS5 A o￿
￿ c kdyh d frpsdudeoh
vwdwh ri khdowk dw wlph |/ zkhqhyhu Co
￿d￿|E@￿o ’ Co￿
￿ d￿|ES￿o￿
Suhylrxv gh￿qlwlrq lqglfdwhv wkdw zh frqvlghu wzr lqglylgxdov ehorqjlqj wr
gl￿huhqw w|shv dqg wr gl￿huhqw frkruwv dv kdylqj d frpsdudeoh vwdwh ri khdowk dw
wlph w/ zkhqhyhu wkh shufhqwdjh ri lqglylgxdov lq wkhlu w|shv dqg frkruwv kdylqj
d vwdwh ri khdowk zruvh wkdq ru htxdo wr wkhp lv wkh vdph1 Wklv lghd fdq eh
lqwhusuhwhg dv vd|lqj wkdw/ e| phdqv ri wkh xwlolw| ixqfwlrqv Co
￿ zh dvvrfldwh
fduglqdo qxpehuv wr vwdwhv ri khdowk dw wlph |/ lq d w|sh2frkruw0ghshqghqw zd|/
e| xvlqj wkh glvwulexwlrqv ri vwdwhv ri khdowk lq srsxodwlrq ￿|￿
Qrwh wkdw li @cS 5 A o
￿ /w k h q@cS kdyh d frpsdudeoh vwdwh ri khdowk dw wlph | l￿
￿|E@￿’￿|ES￿￿ Lq frqvhtxhqfh/ rxu fulwhulrq lv dq h{whqvlrq ri wkh xvxdo ydoxdwlrq
iru lqglylgxdov ri wkh vdph w|sh dqg djh1
Li vwdwh ￿ lv gh￿qhg lq vxfk d zd| wkdw 8o
￿ E￿￿’f c;￿coc wkhq Co
￿E￿￿’
fcC o
￿EK￿’￿ c iru dq| ￿co￿ Qrwlfh dovr wkdw wkh ydoxdwlrqv Co
￿c fruuhvsrqg wr d
furvv0vhfwlrq wlph/ qdpho| wkh| fruuhvsrqg wr wlph |￿ Wkdw lv/ zh kdyh d wkhru| ri
frpsdudelolw| ri vwdwhv ri khdowk zlfk wxuqv rxw wr eh erwk w|sh0frkruw vhqvlwlyh
9dqg wlph0vhqvlwlyh/ lq wkh vhqvh wkdw xwlolw| ixqfwlrqv Co
￿ fdq ydu| iurp rqh shulrg
ri wlph wr dqrwkhu1
Frqvlghu qrz wkh sureohp ri frpsdulqj vwdwhv ri khdowk/ iru d sduwlfxodu lqgl0
ylgxdo/ lq wzr gl￿huhqw prphqwv ri wlph1 Qdpho|/ dvvxph wkdw lqglylgxdo @ 5 Ao
￿ c
wkdw lv/ @ lv dq lqglylgxdo ri w|sh ￿c eruq lq wlph o1 Frqvlghu wkhq wzr gl￿hu0
hqw prphqwv ri +vrfldo, wlph zlwklq wklv lqglylgxdo*v olih/ qdpho| wdnh | dqg |￿
vxfk wkdw |c|￿ 5 ioc o n￿ c￿￿￿con A ￿ ￿j1 Frqvlghu qrz wkh ydoxdwlrq Co
￿ lq erwk




￿ / uhvshfwlyho|1 Wkhq zh kdyh wkh iroorzlqj
gh￿qlwlrq=
Gh￿qlwlrq 51 Lqglylgxdo @ hvwdwh ri khdowk dw wlph | lv frpsdudeoh wr lqglylgxdo @
hvwdwh ri khdowk dw wlph |￿ zkhqhyhu C
oc|
￿ d￿|E@￿o ’ C
oc|￿
￿ d￿|￿E@￿o/ surylghg wkdw @ 5 Ao
￿ /
|c| ￿ 5 ioc o n￿ c￿￿￿con A ￿ ￿j￿
Qrwh wkdw/ lq suhylrxv gh￿qlwlrq/ zh frqvlghu wkh glvwulexwlrqv ri vwdwhv ri
khdowk erwk lq | dqg |￿ lq rughu wr shuirup frpsdulvrqv1 Wkdw lv/ vwulfwxv vhqvr/
zh fdqqrw frpsduh wkh vwdwh ri khdowk ri lqglylgxdo @ lq | zlwk khu vwdwh ri khdowk
lq |￿ ehiruh zh kdyh wkh uhohydqw lqirupdwlrq/ wkdw lv/ ehiruh d prphqw ri wlph
juhdwhu wkdq ru htxdo wr 4@ i|c| ￿j￿ Lq rughu wr dyrlg suhylrxv sureohp/ ohw xv
frqvlghu wkh iroorzlqj gh￿qlwlrq=
Gh￿qlwlrq 61 Lqglylgxdo @ hvwdwh ri khdowk dw wlph | lv frpsdudeoh wr lqglylgxdo @
hvwdwh ri khdowk dw wlph |￿ +lq |￿￿/ zkhqhyhu C
oc4￿?t|c|￿￿




surylghg wkdw @ 5 Ao
￿ / |c| ￿c|￿ 5 ioc o n￿ c￿￿￿con A ￿ ￿j￿
Suhylrxv gh￿qlwlrq doorzv xv wr frpsduh vwdwhv ri khdowk iru dq lqglylgxdo lq
wzr gl￿huhqw prphqwv ri khu olihwlph/ lq doo flufxpvwdqfhv1 Zh xvh dydlodeoh +sdvw,
lqirupdwlrq lq rughu wr frpsduh +wrgd|, sdvw vwdwhv ri khdowk1 Iru ixwxuh vwdwhv
ri khdowk zh iruhfdvw e| xvlqj wrgd|v glvwulexwlrq lq rughu wr hydoxdwh wkh ixwxuh1
71 UDQNLQJ SURILOHV RI VWDWHV RI KHDOWK DW
DQ LQGLYLGXDO OHYHO
Ohw xv qrz frqvlghu wkh sureohp ri udqnlqj sur￿ohv ri vwdwhv ri khdowk iru d
sduwlfxodu lqglylgxdo1
:Frqvlghu lqglylgxdo @ 5 ￿o/ zkrvh vwuhdp ri vwdwhv ri khdowk lv   ’ E%￿c￿￿￿c% A￿￿
Li zh frqvlghu wklv dw wlph | ’ o n ￿ ￿ ￿c suhylrxv vwuhdp fdq eh vxeglylghg
dv   ’ dE%￿c￿￿￿c% ￿￿E%￿n￿c￿￿￿c% A￿o zkhuh E%￿c￿￿￿c% ￿￿ uhsuhvhqwv vwdwhv ri khdowk wkh
lqglylgxdo hqmr|hg lq wkh sdvw/ dqg E%￿n￿c￿￿￿c% A￿/ lqglfdwhv wkh vwdwhv ri khdowk
wklv sduwlfxodu lqglylgxdo pd| hqmr| lq wkh ixwxuh1 Iru wkdw sduwlfxodu lqglylgxdo/
zh pd| orrn dw khdowk vwuhdpv dv dowhuqdwlyhv/ dqg wkhq frqvlghu orwwhulhv ryhu
khdowk vwuhdpv1 Lq ghdolqj zlwk wkh sdvw/ qr fkdqjh iru wkdw lqglylgxdo pd| eh
lqwurgxfhg/ zkhuhdv iru ixwxuh vwdwhv/ zh pd| frqvlghu vhyhudo dowhuqdwlyh vwuhdpv/
zlwk gl￿huhqw suredelolwlhv hdfk1
Frqvlghu qrz wkh vhw l ri orwwhulhv ryhu xqfhuwdlq vwuhdpv   ’E %￿n￿c￿￿￿c% A￿ 5
VA3￿1 Hohphqwv lq l duh suredelolw| glvwulexwlrqv ri ￿qlwh vxssruw rq VA3￿c qdpho|
u 5 l lv vxfk wkdw u G VA3￿ $ Un/ zkhuh uE ￿ 9’frqo| iru d ￿qlwh vhw ri hohphqwv
 c dqg
S
 MVA 3￿ uE ￿’￿ ￿
Li uc￿ 5 lc dqg b 5 dfc￿o/ gh￿qh dbunE￿￿b￿￿oE ￿ ’ buE ￿nE￿￿b￿￿E ￿￿
Wkxv/ dbu nE ￿￿ b￿￿o 5 l￿
Iru d vwdwhv ri khdowk vwuhdp   ’ E%￿n￿c￿￿￿c%A￿ 5 VA3￿c dqg d vwdwh ri khdowk
5 5 V/g h q r w he |E 3&c5￿ ’ ) 5 VA3￿ wkh vwuhdp vxfk wkdw +￿ ’ %￿/ zkhqhyhu
￿ 9’ &c dqg +& ’ 5￿ Wkdw lv/ E%3&c5￿ frlqflghv zlwk   lq doo shulrgv exw shulrg &/
dqg wkh vwdwh ri khdowk lq shulrg & lv mxvw 5￿ Dovr/ fdoo ￿ dqg M wkh vwuhdpv vxfk
wkdw lq doo shulrgv/ wkh vwdwh ri khdowk ri lqglylgxdo @ lv ￿/ uhvshfwlyho|/ K￿
Zh vkdoo qrz frqvlghu wkh h{lvwhqfh ri d elqdu| uhodwlrq ￿@ gh￿qhg ryhu lc
xqghuvwrrg dv d vwulfw suhihuhqfh uhodwlrq/ lq vxfk d zd| wkdw -@ dqg U@ duh/
uhvshfwlyho|/ wkh zhdn suhihuhqfh uhodwlrq dqg wkh lqgl￿huhqfh uhodwlrq dvvrfldwhg
wr ￿@￿
Qrwlfh wkdw ￿@ dovr lqgxfhv d elqdu| uhodwlrq rq VA3￿c vlqfh dq| vwuhdp ri
vwdwhv ri khdowk   5 VA3￿ fdq dovr eh lqwhusuhwhg dv d ghjhqhudwhg orwwhu| lq lc
zkhuh  E ￿’￿ / dqg  E)￿’f / iru doo ) 9’  ￿
Ohw xv qrz frqvlghu wkh iroorzlqj dvvxpswlrqv=
YQP10 +l, ￿@ lv d suhihuhqfh uhodwlrq rq l/ qdpho|/ lw lv dv|pphwulf dqg qhjd0
wlyho| wudqvlwlyh1 +ll, Iru doo uc￿c￿ 5 lc dqg iru doo b 5 Efc￿o/l i u￿@￿c wkhq
dbu nE ￿￿ b￿￿o￿@db￿ nE ￿￿ b￿￿o￿ +lll, Iru doo uc￿c￿ 5 l/ li u￿@￿￿@￿/
wkhq wkhuh h{lvw bc > 5 Efc￿￿/ vxfk wkdw dbu nE ￿￿ b￿￿o￿@￿￿ @d>u nE ￿￿>￿￿o
Wlph Dgglwlyh Lqghshqghqfh10 Iru dq|  c) 5 VA3￿/   ’ E%￿n￿c￿￿￿c% A￿c ) ’
E+￿n￿c￿￿￿c+A￿/ dq| & ’ ￿ n￿ c￿￿￿A/ li zh fdoo 3 ’ E 3&c+&￿c ￿ ’E )3&c%&￿c dqg
uE ￿’uE)￿’￿
2/ ￿E3￿ ’ ￿E￿￿’￿
2c wkhq uU@￿1
;Qhxwudolw| iru frpsdudeoh vwdwhv ri khdowk iru lqglylgxdo d10 Iru dq| wzr
vwuhdpv/   ’ E￿3￿c%￿￿/ ) ’ E￿3&c+&￿ 5 VA3￿/ li / iru lqglylgxdo d/ vwdwh { ￿
hqmr|hg lq |hdu n lv frpsdudeoh wr vwdwh +& hqmr|hg lq |hdu n/ wkhq  U@)￿
YQP lv qrwklqj exw wkh edvlf dvvxpswlrqv lq wkh Yrq Qhxpdqq0Prujhqvwhuq
h{shfwhg xwlolw| wkhru|1
Wlph Dgglwlyh Lqghshqghqfh dvnv iru vwdwhv ri khdowk lq wkh gl￿huhqw shul0
rgv wr eh dgglwlyh lqghshqghqw/ qdpho| suhihuhqfhv ghshqg rqo| rq wkh pdujlqdo
suredelolw| glvwulexwlrq dqg qrw rq wkh mrlqw glvwulexwlrq1
Ilqdoo|/ Qhxwudolw| iru Frpsdudeoh vwdwhv ri khdowk iru lqglylgxdo @/v d | vw k d w
lqglylgxdo @ lv lqgl￿huhqw ehwzhhq hqmr|lqj d vwdwh ri khdowk lq rqh |hdu ru d
frpsdudeoh vwdwh lq dqrwkhu |hdu1
Wkhq/ zh rewdlq wkh iroorzlqj uhvxow=
Wkhruhp 41 Xqghu YQP/ Wlph Dgglwlyh Lqghshqghqfh dqg Qhxwudolw| iru Frp0
sdudeoh vwdwhv ri khdowk iru lqglylgxdo @/ +l, Wkhuh h{lvwv dixqfwlrq ￿@ G VA3￿ $ U
vxfk wkdw u￿@￿ l￿
S
%MVA 3￿ uE ￿￿@E ￿ :
S
%MVA3￿ ￿E ￿￿@E ￿￿ Ixuwkhupruh/ ￿@
lv xqltxh xs wr srvlwlyh olqhdu wudqvirupdwlrqv1 +ll, Wkhuh h{lvw ￿@
& G V $ U/




& fdq eh fkrvh vr wkdw
￿@
&E%&￿’C|
&E%&￿c irud o o& ’ ￿ n￿ c￿￿￿cA￿
Surri= +l, lv d gluhfw frqvhtxhqfh ri Yrq Qhxpdqq0Prujhqvwhuq h{shfwhg xwlolw|
wkhruhp1 Fi1 Nuhsv +4<;;/ Wkhruhp 817,1
Wlph Dgglwlyh Lqghshqghqfh lqglfdwhv wkdw dwwulexwhv %￿n￿c%￿n2c￿￿￿c% A duh dg0
glwlyho| lqghshqghqw/ vlqfh lw lpsolhv wkdw suhihuhqfhv ryhu orwwhulhv rq %￿n￿c%￿n2c￿￿￿c% A
ghshqg rqo| rq wkhlu pdujlqdo suredelolw| glvwulexwlrqv dqg qrw rq wkhlu mrlqw
suredelolw| glvwulexwlrq1 Wkxv/ zh pd| dsso| Nhhqh| dqg Udl￿d +4<:9/ Wkhruhpv
814 dqg 917,/ lq rughu wr rewdlq wkh uhsuhvhqwdwlrq uhvxow lq +ll, ^fi1 Eohlfkurgw/
Wkhruhp 615‘1 Dgglwlrqdoo|/ ￿@ dqg ￿@
& f d qe hq r u p d o l } h gv rw k d w￿@E￿￿’￿@
&E￿￿’
fc￿ @
&EK￿’￿ c￿ @EM￿’A ￿￿￿
Wkh ydoxhv ri K& fdq eh rewdlqhg dv iroorzv=
￿@EM￿’K ￿n￿￿@
￿n￿EK￿n￿￿￿ nK A￿@
AEK￿’K ￿n￿ n ￿￿￿ nK A
￿@E￿3&cK￿ ’K &￿@
&EK￿’K &￿
Wkhq/ Qhxwudolw| iru Frpsdudeoh Vwdwhv ri Khdowk iru lqglylgxdo @/ lqglfdwhv
wkdw K& ’ K￿/ iru doo ydoxhv ri &c￿/ dqg vlqfh ￿@EM￿’K ￿n￿n￿￿￿nKA ’E A￿￿￿K￿n￿ ’
A ￿￿c lw iroorzv wkdw K& ’￿iru doo n1
<Frqvlghu qrz wkh vwuhdpv   ’ E￿3￿c%￿￿c ) ’E ￿3&c%&￿￿ Qhxwudolw| iru Frp0







& uhsuhvhqw lghqwlfdo suhihuhqfhv/ dqg wkxv/ wkh| duh uh0





&EK￿’￿ / dqg wkxv/ C|
￿ ’ ￿@
&￿ ￿
Uhpdun1 Wkh udwlrqdol}dwlrq zh pdgh lq wklv vhfwlrq wr udqn xqfhuwdlq vwuhdpv
ri khdowk iru d sduwlfxodu lqglylgxdo fdq eh h{whqghg vwudljkwiruzdugo| wr lqfoxgh
dovr suhylrxv +sdvw hqmr|hg, vwdwhv ri khdowk1 Lq vr grlqj/ zh pd| dovr frqvlghu
orwwhulhv ryhu sdvw vwdwhv/ dqg wkh frpelqdwlrq ri suhylrxv Dvvxpswlrqv frqyh|










81 HYDOXDWLRQ RI KHDOWK VWUHDPV IRU D JURXS
Frqvlghu qrz d jurxs ri djhqwv/ ￿ ￿ ￿|/ dqg fdoo S G ￿ $ i| ￿ Ac￿￿￿c| ￿ ￿c|j wkh
pdsslqj dvvrfldwlqj wr hyhu| djhqw lq ￿ khu fruuhvsrqglqj frkruw1
Dw wlph |c dq| djhqw lq ￿ kdv dq h{shfwhg vwuhdp ri olih lq whupv ri wkh

















A ￿ vwdqgv iru d iruhfdvw +h{shfwhg, vwuhdp ri vwdwhv ri khdowk wkh
djhqw lv jrlqj wr hqmr| lq ixwxuh shulrgv1
D vlwxdwlrq iru jurxs ￿ lq wlph | lv wkhq d pdsslqj r G ￿ $ VAc vxfk wkdw







A ￿o/ vwdqgv iru wkh vwuhdp hqmr|hg e|
djhqw @/ @ 5 ￿￿
Frqvlghu qrz wkh vhw l ri orwwhulhv ryhu vlwxdwlrqv r G ￿ $ VA1 Fdoo j wkh vhw
ri doo vlwxdwlrqv iru jurxs ￿ lq wlph |￿ Hohphqwv lq l duh suredelolw| glvwulexwlrqv
ri ￿qlwh vxssruw rq jc qdpho| u 5 l lv vxfk wkdw u G j $ Un/ zkhuh uEr￿ 9’f
rqo| iru d ￿qlwh vhw ri vlwxdwlrqv rc dqg
S
rMj uEr￿’￿ ￿
Li uc￿ 5 lc dqg b 5 dfc￿o/ gh￿qh dbunE￿￿b￿￿oEr￿’buEr￿nE￿￿b￿￿Er￿￿
Wkxv/ dbu nE ￿￿ b￿￿o 5 l￿
Zh vkdoo qrz frqvlghu wkh h{lvwhqfh ri d elqdu| uhodwlrq ￿ gh￿qhg ryhu lc
xqghuvwrrg dv d vwulfw suhihuhqfh uhodwlrq/ lq vxfk d zd| wkdw - dqg U duh/ uh0
vshfwlyho|/ wkh zhdn suhihuhqfh uhodwlrq dqg wkh lqgl￿huhqfh uhodwlrq dvvrfldwhg
43wr ￿￿ Wkdw lv/ iru dq| uc￿ 5 lc u-￿ l￿ lw lv qrw wuxh wkdw ￿￿uc dqg uU￿ l￿/
vlpxowdqhrxvo|/ erwk u-￿ dqg ￿-u￿
Qrwlfh wkdw ￿ dovr lqgxfhv d elqdu| uhodwlrq rq j/ vlqfh dq| vlwxdwlrq r 5 j fdq
dovr eh lqwhusuhwhg dv d ghjhqhudwhg orwwhu| lq lc zkhuh rEr￿’￿ / dqg rEr￿￿’f /
iru doo r￿ 9’ r￿
Ohw xv qrz frqvlghu wkh iroorzlqj dvvxpswlrqv=
YQP +l, ￿ lv d suhihuhqfh uhodwlrq rq l/ qdpho|/ lw lv dv|pphwulf dqg qhjdwlyho|
wudqvlwlyh/ +ll, Iru doo uc￿c￿ 5 lc dqg iru doo b 5 Efc￿o/l iu￿￿c wkhq
dbu nE ￿￿b￿￿o￿db￿ nE ￿￿b￿￿o￿+lll, Iru doo uc￿c￿ 5 l/ li u￿￿￿￿/ wkhq
wkhuh h{lvw bc > 5 Efc￿￿/ vxfk wkdw dbu nE ￿￿ b￿￿o￿￿￿d>u nE ￿￿ >￿￿o
YQP duh wkh edvlf dvvxpswlrqv lq wkh Yrq Qhxpdqq0Prujhqvwhuq h{shfwhg
xwlolw| wkhru|1
Ohw xv fdoo ‘c￿ 5 j wkh vwuhdpv ‘E@￿’￿c iru doo @ 5 ￿/ dqg ￿E@￿’Mc iru
doo @ 5 ￿c uhvshfwlyho|1
Iru d vlwxdwlrq r 5 j/ dq vwuhdp   5 VA d q gd qd j h q w@ 5 ￿c ohw xv ghqrwh
Er3@c ￿ ’ ^/ wkh vlwxdwlrq lq j vxfk wkdw ^E@￿￿’rE@￿￿ li @￿ 9’ @/ ^E@￿’ ￿
Frqvlghu qrz wkh iroorzlqj dvvxpswlrq=
Djhqw Dgglwlyh Lqghshqghqfh= Iru dq| rco 5 j/ dq| djhqw @ 5 ￿c li zh fdoo






Djhqw Dgglwlyh Lqghshqghqfh dvnv iru vlwxdwlrqv wr eh dgglwlyh lqghshqghqw
zlwk uhvshfw wr djhqwv/ qdpho|/ suhihuhqfhv ghshqg rqo| rq wkh pdujlqdo sured0
elolw| glvwulexwlrq ri djhqwv vwuhdpv/ dqg qrw rq wkh mrlqw glvwulexwlrq1
Qhxwudolw|10 Iru dq| @c@ ￿ 5 ￿/ E‘ 3@cM￿UE‘ 3@￿
cM￿￿
Qhxwudolw| vd|v wkdw lq d vlwxdwlrq vxfk wkdw doo lqglylgxdov lq ￿ exw rqh duh
dw wkh zruvw srvvleoh vwdwh ri khdowk lq doo wkhlu olih vwuhdp/ dqg wkh rqo| djhqw
qrw lq vxfk d vwuhdp lv/ rq wkh frqwudu|/ dw wkh ehvw srvvleoh vwdwh ri khdowk lq doo
khu olihwlph/ vrflhw| lv lqgl￿huhqw zlwk uhvshfw wr zkrp lv wkh idyruhg djhqw1
Wkhq/ zh rewdlq wkh iroorzlqj uhvxow=
Wkhruhp 51 Xqghu YQP1 Djhqw Dgglwlyh Lqghshqghqfh dqg Qhxwudolw|/ +l, Wkhuh





44dqg vxfk ￿ lv xqltxh xs wr srvlwlyh olqhdu wudqvirupdwlrqv/ +ll, Wkhuh h{lvw ￿@ G
VA$ U/ @ 5 ￿c vxfk wkdw= ￿Er￿’
S
@M￿ ￿@drE@￿o/ +lll, ￿@/ @ 5 ￿ duh qrupdol}hg
vr wkdw ￿@E￿￿’f c ￿@EM￿’A( ￿ lv qrupdol}hg vr wkdw ￿E‘￿’f c￿ E￿￿’E r ￿￿A
Surri= +l, lv d gluhfw frqvhtxhqfh ri Yrq Qhxpdqq0Prujhqvwhuq h{shfwhg xwlolw|
wkhruhp1 Fi1 Nuhsv +4<;;/ Wkhruhp 817,1 +ll, Djhqw Dgglwlyh Lqghshqghqfh
lqglfdwhv wkdw dwwulexwhv rE@￿c@5 ￿ duh dgglwlyho| lqghshqghqw1 Wkxv/ zh pd|
dsso| Nhhqh| dqg Udl￿d +4<:9/ Wkhruhpv 814 dqg 917,/ lq rughu wr rewdlq wkh
iroorzlqj uhsuhvhqwdwlrq uhvxow ^fi1 Eohlfkurgw/ Wkhruhp 615‘1
￿Er￿’
S
@M￿ K@￿@drE@￿o> ixuwkhupruh/ zh duh iuhh wr qrupdol}h ￿ dqg ￿@ dv zh







Qrwlfh wkdw xqghu Qhxwudolw|/ K@ ’K @￿/ iru doo @c@ ￿ 5 ￿￿ Ixuwkhupruh/ vlqfh
￿E￿￿’d r ￿oA ’d r ￿oAK@/ lw iroorzv wkdw K@ ’￿ / iru doo @ 5 ￿￿/ dqg wkh ghvluhg
uhsuhvhqwdwlrq iroorzv1￿
Frqvlghu qrz wkh iroorzlqj dvvxpswlrq=
Frqjuxhqfh10 Iru dq| wzr vlwxdwlrqv/ rcr ￿ 5 j/ li rE@￿￿’r￿E@￿￿/ iru doo @￿ 9’ @/
wkhq r￿r￿ l￿ rE@￿￿@r￿E@￿￿
Frqjuxhqfh dvnv wkh djjuhjdwh suhihuhqfh uhodwlrq wr frlqflgh zlwk lqglylg0
xdo @￿r suhihuhqfh zkhqhyhu wklv lv wkh rqo| lqglylgxdo lq ￿ d￿hfwhg lq fkrrvlqj
ehwzhhq wzr gl￿huhqw vlwxdwlrqv1
Wkhq / zh rewdlq wkh iroorzlqj uhvxow=
Wkhruhp 61 Xqghu YQP/ Djhqw Dgglwlyh Lqghshqghqfh/ Qhxwudolw| dqg Frqjux0
hqfh/ ￿Er￿’
S





Surri= Frqjuxhqfh lqglfdwhv wkdw ￿@ wxuqv rxw wr eh d fduglqdo uhsuhvhqwdwlrq






￿ n >c zkhuh
bc > duh uhdo qxpehuv/ b:f￿ Qrz/ qrwlfh wkdw ￿@E￿￿’flpsolhv wkdw > ’ f￿
Ixuwkhupruh/ ￿@EM￿ ’ A ’ bA/ dqg lq frqvhtxhqfh/ b ’￿ ￿￿
4591 ILQDO UHPDUNV
Lq wklv sdshu zh r￿hu dq dowhuqdwlyh zd| ri frpsdulqj wkh ehqh￿wv ri khdowk fduh
surjudpv1 Rxu dssurdfk lv mxvwl￿hg pruh iurp d vrflhwdo suhvshfwlyh wkdq iurp
dq lqglylgxdolvwlf suhvshfwlyh1 Iluvw/ wkh h{lvwhqfh ri d zhoo0gh￿qhg vhw ri vwdwhv
ri khdowk/ lqghshqghqw ri wkh fkdudfwhulvwlfv +w|shv, ri wkh lqglylgxdov/ dqg ri dq
rughulqj +vrfldo, rq wkdw vhw/ dvvxphv wkdw vrflhw| lv deoh wr erwk lghqwli| dqg
udqn gl￿huhqwv vwdwhv ri khdowk/ luuhvshfwlyh ri shuvrqdo flufxpvwdqfhv1 Lq d vhf0
rqg sodfh/ wkh frpsdudelolw| fulwhulrq lv pdgh rxw ri vwdwlvwlfdo lqirupdwlrq/ rqfh
vrflhw| lghqwl￿hv w|shv wr fodvli| wkh srsxodwlrq1 Wklug/ wkh zd| ri udqnlqj lqgl0
ylgxdo vwuhdpv ri vwdwhv ri khdowk kdv qrwklqj wr gr zlwk lqglylgxdo suhihuhqfhv/
dqg djdlq uholhv rq remhfwlyh lqirupdwlrq1 Ilqdoo|/ wkh udqnlqj ri dowhuqdwlyh vlw0
xdwlrqv iru d jurxs/ djdlq fdq eh pdgh xvlqj rqo| dydlodeoh gdwd1
Rxu surfhgxuh/ wkhq/ frqyh|v wr d zd| ri hydoxdwlqj dowhuqdwlyh vlwxdwlrqv
+srvvleo| uhodwhg wr dowhuqdwlyh khdowk fduh srolflhv,/ e| xvlqj rqo| remhfwlyh gdwd1
Zkdw zh glg lq wklv sdshu lv dovr wr surylgh zlwk d wkhruhwlfdo mxvwl￿fdwlrq ri
wkh surshuwlhv vrfldo suhihuhqfhv pd| ixo￿oo lq rughu wr eh frqvlvwhqw zlwk rxu
irupxodwlrq1 Vlqfh zh vwduw iurp d sulqflsoh ri frpsdudelolw| dqg fduglqdolw|/ lw
lv fohdu wkdw wkh vrfldo ydoxdwlrq ixqfwlrq kdv wr eh ri wkh xwlolwduldq w|sh ^vhh
G*Dvsuhprqw ) Jhyhuv +4<::,‘1 Ohwwlqj dvlgh whfkqlfdolwlhv/ zh pd| frqfhqwudwh
rq wkh dghtxdwhqhvv ri wkh frpsdudelolw| fulwhulrq/ rq wkh rqh kdqg/ dqg rq wkh
dvvxpswlrqv ri Qhxwudolw| dqg Frqvlvwhqf|/ rq wkh rwkhu kdqg1 Lw vhhpv wr xv
wkdw wkh| pdnh shuihfw vhqvh lq d vrflhwdo hydoxdwlrq surfhgxuh1
Qrwh wkdw li zh frqvlghu wkdw doo lqglylgxdov lq vrflhw| ehorqj wr wkh vdph w|sh/
dqg frpsdudelolw| ri vwdwhv ri khdowk iru d sduwlfxodu lqglylgxdo lq wzr gl￿huhqw
prphqwv ri wlph lv frqvlghuhg dv wlph0lqghshqghqw/ rxu irupxodwlrq zrxog eh
frqvlvwhqw zlwk wkh wudglwlrqdo TDO\ ydoxdwlrq/ iurp d sodqqhu*v shuvshfwlyh1
46Uhihuhqfhv
^4‘ Eohlfkurgw/ Kdq/ +4<<8,/ Dssolfdwlrqv ri xwlolw| wkhru| lq wkh hfrqrplf hydo0
xdwlrq ri khdowk fduh/ Wkhvlv Hudvpxv Xqlyhuvlw|/ Urwwhugdp1
^5‘ g*Dvsuhprqw/ F1 ) Jhyhuv/ O1 +4<::,/ Htxlw| dqg wkh Lqirupdwlrqdo edvlv ri
Froohfwlyh Fkrlfh/ Uhylhz ri Hfrqrplf Vwxglhv/ 77= 4<<053;
^6‘ Ilvkexuq/ S1F1 +4<98,/ Lqghshqghqfh lq xwlolw| wkhru| zlwk zkroh surgxfw
vhwv/ Rshudwlrqv Uhvhdufk 46= 5;0781
^7‘ Ilvkexuq/ S1F1 +4<:3,/ Xwlolw| wkhru| iru ghflvlrq pdnlqj/ Zloh|/ Qhz \run1
^8‘ Khuuhur/ F1 +4<<9,/ Fdsdelolwlhv dqg Xwlolwlhv/ Hfrqrplf Ghvljq 5=
^9‘ Khuuhur/ F1 ) Slqwr/ M1O1 +4<<:,/ Frpsdulvrq dqg hydoxdwlrq ri vwdwhv ri
khdowk/ Plphr1
^:‘ Nhhqh|/U1 ) Udl￿d/ K1 +4<:9,/ Ghflvlrqv zlwk pxowlsoh remhfwlyhv/ Zloh|/ Qhz
\run1
^;‘ Nuhsv/ G1P1 +4<;;,/ Qrwhv rq wkh wkhru| ri fkrlfh/ Zhvwylhz Suhvv/ Erxoghu/
Frorudgr1
^<‘ Orrphv/ J1 ) PfNhq}lh/ O1 +4<;<,/ Wkh xvh ri TDO\v lq khdowk fduh ghflvlrq
pdnlqj/ Vrfldo Vflhqfh dqg Phglflqh/ 5;= 5<<063;
^43‘ Phkuh}/ D1 ) Jdiql/ D1 +4<;<,/ Txdolw|0dgmxvwhg olih |hduv/ xwlolw| wkhru| dqg
khdowk|0|hduv htxlydohqwv/ Phglfdo Ghflvlrq Pdnlqj/ <= 475047<
^44‘ Prrqh|/ J1 ) Rovhq/ M1D1/ TDO\v/ zkhuh qh{wB/ lq D1 PfJxluh/ D1N1 Pd|0
khz dqg S1 Ihqqv +hgv,/ Wkh hfrqrplfv ri dowhuqdwlyh v|vwhpv ri khdowk fduh
￿qdqfh dqg gholyhu|/ R{irug X1 Suhvv/ 45304731
^45‘ Pxuud|/ F1O1M1 ) D1G1 O￿sh}/ hgv1/ +4<<9,/ Wkh Joredo Exughq ri Glvhdvh
dqg Lqmxu| Vhulhv/ Yro 4= Wkh joredo exughq ri glvhdvh/ Kduydug X1 Suhvv/
Fdpeulgjh/ PD1
^46‘ Shuhlud/ M1 +4<<6,/ Zkdw grhv htxdolw| lq khdowk phdqB/ Mrxuqdo ri Vrfldo
Srolf| 55= 4<07;
47^47‘ Urhphu/ M1H1 +4<<6,/ D sudjpdwlf wkhru| ri uhvsrqvlelolw| iru wkh hjdolwduldq
sodqqhu/ Sklorvrsk| ) Sxeolf D￿dluv 55= 47904991
^48‘ Urhphu/ M1H1 +4<<9,/ Wkhrulhv ri Glvwulexwlyh Mxvwlfh/ Kduydug Xqlyhuvlw|
Suhvv/ Fdpeulgjh/ PD1
^49‘ Vhq/ D1N1 +4<;8,/ Frpprglwlhv dqg Fdsdelolwlhv/ Qruwk0Kroodqg/ Dpvwhugdp1
^4:‘ Zdnnhu/ S1 +4<;<,/ Dgglwlyh uhsuhvhqwdwlrqv ri suhihuhqfhv1 D qhz irxqgdwlrq
ri ghflvlrq dqdo|vlv1 Noxzhu Dfdghplf Sxeolvkhuv/ Gruguhfkw1
^4;‘ Zlooldpv/ D1 +4<;;,/ Hwklfv dqg h!flhqf| lq wkh surylvlrq ri khdowk fduh/ lq
Ehoo/ M1P1 ) V1 Phqgxv/ hgv/ Sklorvrsk| dqg Phglfdo Zhoiduh/ Fdpeulijh X1
Suhvv1
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